Abstract Rural communities, which depend predominantly on natural resources, are increasingly vulnerable as global climate change makes the weather and extreme weather events more unpredictable. To formulate appropriate policy measures to address their livelihood challenges, assessment of local vulnerability is important. In this study, the vulnerability of Chepang communities in Nepal was analyzed using data collected from 221 households from four villages across four districts. The analysis was based on indices constructed from selected indicators measuring exposure, sensitivity, and adaptive capacity. The indicators were weighted using Principal Component Analysis. Inter-village analysis of the vulnerability index indicated that exposure in a locality is modified by the inherent adaptive capacity of the households, and this determines overall vulnerability. Inter-household analysis of vulnerability indicated that poor households with low adaptive capacity were vulnerable irrespective of their location. The availability of non-farm livelihood opportunities and community access to formal/vocational education and skill development training will reduce household vulnerability to climate change. Policy interventions should focus on improving the adaptive capacity of households, prioritizing financial and human assets.
capacity to adapt to predicted climate changes. Nepal, with its fragile environment, predominantly natural resource-based livelihoods, high poverty, and low adaptive capacity, is among the most vulnerable countries (Oxfam 2009) . It is ranked the 14th most vulnerable country in the climate risk index (Kreft and Eckstein 2013) . Within the country, marginalized communities are least able to cope with climate-related disasters.
Climate change is a global phenomenon. However, its manifestations and impacts vary locally, as do adaptive capacities and strategies. Effective planning for climate change adaptation requires an assessment of local vulnerabilities to bridge community needs at the local level with policy processes at a higher level (Burton et al. 2006) . Research undertaken at the national level fails to capture the locational specifics of smaller areas. This highlights the need to undertake detailed investigations at a finer spatial level. There are very few studies into vulnerability analysis in Nepal at the national/regional level (MOE 2010) or at the household level (Ghimire et al. 2010) . This paper conducts an in-depth analysis of vulnerabilities at the local level by integrating quantitative data with qualitative information obtained from a field survey.
Conceptualizing vulnerability to climate change
The concept of vulnerability has undergone several transformations over the past decade. The Intergovernmental Panel on Climate Change (IPCC) Second Assessment Report (SAR) defines vulnerability as the extent to which climate change may damage or harm a system. It depends not only on a system's sensitivity, but also on its ability to adapt to new climatic conditions (Watson et al. 1996) . The IPCC Third Assessment Report refined the earlier definition of vulnerability as 'the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity ' (McCarthy et al. 2001, p 6) . The IPCC Fourth Assessment Report contained this same definition. In the Fifth Assessment Report (AR5), the IPCC defined vulnerability as 'the propensity or predisposition to be adversely affected. Vulnerability encompasses a variety of concepts and elements including sensitivity or susceptibility to harm and lack of capacity to cope and adapt' (Oppenheimer et al. 2014 (Oppenheimer et al. , p 1048 .
The SAR views vulnerability as the 'end-point' of a sequence of analyses. It starts with projections of future climate trends, development of possible climate scenarios, study of the biophysical impacts of such climate changes, and identification of adaptive options. Any residual consequences that remain after implementation of adaptation measures define the vulnerability (Kelly and Adger 2000) . Such analysis centers around hazards, focusing on biophysical drivers such as temperature and precipitation. It relies on projections from biophysical models, which contain many uncertainties (Nelson et al. 2010a ). In recent years, studies on climate change emphasize that vulnerability is not only defined by hazards, but also by the emergent property of human-environmental systems that enable people to cope with changes, thereby linking vulnerability to adaptive capacity (Adger 1999; Adger and Kelly 1999; Vincent 2004 ). This approach puts vulnerability at the 'starting-point' of analysis -a state that exists within a system before it encounters a hazard. Such differences in approach have led to the terms 'biophysical' versus 'social' vulnerability (Brooks 2003) . The IPCC definitions over the years reflect the shift of emphasis from biophysical to social dimensions of vulnerability. This paper integrates both dimensions to provide a holistic vulnerability analysis.
The IPCC AR5 also makes a distinction between 'contextual' (starting-point) and 'outcome' (end-point) vulnerability. Contextual vulnerability is defined as a present inability to cope with external pressures or changes, such as changing climate conditions. It is a characteristic of social and ecological systems generated by multiple factors and processes (O'Brien et al. 2007 cited in IPCC 2014 . The definition of outcome vulnerability given by AR5 is the same as that stated earlier in the paper.
The end-point approach is often criticized for assuming humans are passive receivers of hazards, and failing to account for the human-environmental interactions to cope with such hazards (Vincent 2004) . The starting-point approach recognizes that physical phenomena are mediated by a particular human context in which they occur. While biophysical studies are important to understand the biophysics of climate change, they have less influence on the policy-making process since variables such as temperature and precipitation are not under the control of policy-makers. Studies on social vulnerability are more relevant as they focus on the drivers of current adaptive capacity such as poverty and access to resources.
Theoretically, social and biophysical approaches represent two divergent schools of thought. However, social vulnerability assessments need to take hazards into consideration since vulnerability is always hazard-specific. Accordingly, some studies have used an integrated approach for vulnerability assessments, combining social vulnerability (adaptive capacity) with biophysical vulnerability (exposure and sensitivity) (Gbetibouo and Ringler 2009; Nelson et al. 2010b ). This study takes an integrated approach and uses a combination of biophysical and socio-economic indicators to formulate the vulnerability index.
3 Research design 3.1 Chepangs: the study community In Nepal, the indigenous nationalities 1 represent the marginalized sections of the community. Based on the Nepal Living Standards Survey 2010-11, most indigenous hill people (except the Newar and Thakali 2 ) have a higher incidence of poverty (28.3 %) compared with communities in the Tarai, 3 and constitute the highest proportion of the poor (24.4 %) in the country (CBS 2011). The Chepangs are one of the indigenous nationalities of Nepal, with a population of 52,237 (0.23 % of the total population). Most of the Chepangs live in hill villages in the Chitwan, Makwanpur, Dhading, and Gorkha districts. They have been categorized as a highly marginalized indigenous nationality by the National Federation of Indigenous Nationalities (NEFIN) and National Foundation for the Development of Indigenous Nationalities (NFDIN). Although their home region is surrounded by major highways and is situated close to the capital, Kathmandu (Online Resource 1), they are still marginalized from the developmental mainstream. Therefore, the Chepangs qualify as appropriate representatives of the marginalized groups of people in Nepal.
1 According the NFDIN Act 2002, indigenous nationalities are tribes or communities having their own language, traditional rites and customs, distinct cultural identity, distinct social structure and written or unwritten history. Based on their socio-economic and demographic attributes, they are classified into endangered, highly marginalized, marginalized, disadvantaged, and advanced groups. They are further classified into Mountains, Hills and Tarai based on their geographical location. 2 The Newar and Thakali belong to the advanced category. 3 The Tarai is the southern plain area near the Indian border.
Historically, the Chepangs were believed to be a nomadic group. Hodgson (1848, p 650) described them as Bliving entirely upon wild fruit and the produce of the chase^. Nearly a century later, a comprehensive study by Rai (1985) reported that although the Chepangs still practiced a good deal of hunting and gathering, agriculture formed the mainstay of their livelihood, and they practiced khoriya.
4 However, the introduction of new government policies restricting clearing of forest patches to practice khoriya, led to a transition to sedentary agriculture. Currently, the Chepangs rely predominantly on rain-fed subsistence agriculture and forest resources for their livelihood. Because of their small unproductive land parcels in the hilly terrain, few households are self-sufficient (Piya et al. 2011a ) and the Chepangs still depend on forest resources to a large extent for wild edibles, fodder and fuel (Piya et al. 2013 ). As they are reliant on local natural resources, the Chepangs are highly likely to suffer from the drying up of water resources or changes in vegetation cover. Even small changes in rainfall patterns can have devastating consequences on crop production. Their vulnerability is further compounded by limited access to information and by geographic isolation. The region is poorly served by rudimentary infrastructure such as dirt roads and is often isolated by landslides and floods.
Studies investigating vulnerability to climate change and extremes should focus on marginalized communities because they are the most vulnerable to and least able to cope with the adverse impacts. Studies based on the livelihoods of these vulnerable communities will help to draw the attention of the government and development agencies to these issues.
Study area and data source
The study covers the four districts that form the home of the Chepangs. One Village Development Committee (VDC 5 ) from each district was selected based on the dominance of the Chepang population. Kaule from Chitwan, Kankada from Makwanpur, Mahadevsthan from Dhading, and Bhumlichowk from Gorkha form the four study VDCs (Online Resource 1).
The study was based on primary data collected by household surveys conducted in two phases. The first survey was conducted in February-March 2010. Sixty households from each VDC were randomly selected as sample households. At the time of survey, the sample households were not connected by roads and grid electricity. The first survey focused on the collection of data related to demographics, landholdings, livestock holdings, savings, loans, education, training, memberships of Community Based Organizations (CBOs), infrastructure, property holdings, food production, livelihood activities, income sources, and expenditure. Focus group discussions were also conducted to obtain a timeline of climate-related disasters (floods/landslides, droughts, and hailstorms).
A follow-up field visit was made in May-June 2011. The same households covered in 2010 were revisited to gather supplementary data. Out of the total 240 households covered in the 2010 field survey, 58 households in Kaule, 56 households in Kankada, 54 households in Mahadevsthan, and 53 households in Bhumlichowk were revisited in 2011. The final sample constituted a total of 221 households. In the follow-up survey, questions focused on 4 Khoriya is the local term for shifting cultivation in which a patch of land is cleared in the forest and cultivated until the soil is exhausted. It is then left fallow for a few years, allowing vegetation to regenerate, while other land patches are cleared. Lately, this practice has ceased due to government restrictions on clearing forests. Nowadays, the term khoriya refers to un-terraced sloping land plots. 5 VDCs are the second-lowest administrative structure in Nepal.
perceptions of climate change, adaptation strategies, and the impacts of extreme climate events. Latitude, longitude, and altitude were recorded for each household. Household surveys were prepared in the Nepali language.
The study also used raw monthly data on minimum-maximum temperature and precipitation obtained from the Department of Hydrology and Meteorology in Kathmandu, Nepal, over a 32-year period from 1977 to 2008. The data on temperature were obtained from 49 stations and the data on precipitation were from 218 stations across the country. The temperature and precipitation at the household level was interpolated for each year from the weather stations based on latitude-longitude information using an ordinary kriging method in ArcGIS10 (ESRI, www.esri.com/).
Choosing the vulnerability indicators
A vulnerability index was constructed to empirically assess household vulnerability to climate change. First, indicators were selected, and then weights were assigned to these indicators. Finally, the indicators were aggregated into an index. The choice of indicators was crucial because inappropriate indicators lead to the construction of an invalid index. The chosen indicators represented the locational specifics of the study sites. The representativeness of the selected indicators was verified through insights from focus group discussion. Following the definition of vulnerability given by the IPCC in the SAR, vulnerability was considered a function of exposure, sensitivity, and adaptive capacity.
Exposure
Following O 'Brien et al. (2004, p 305) . exposure was represented as 'either long-term changes in climate conditions, or by changes in climate variability, including the magnitude and frequency of extreme events'. This definition includes climate change and extreme events, which formed the central focus of our study. Historical changes in climate variables and the frequency 6 of extreme climatic events were considered indicators of exposure (Table 1 ). The coefficient of the trends of climate variables (minimum-maximum temperature and precipitation) for the period 1977-2008 was calculated separately for each sample household through interpolation as described earlier. Floods/landslides, droughts and hailstorms were the most commonly occurring natural disasters in the study area. The frequency of occurrences of these disasters for the last 10 years was obtained for each household from the survey (Online Resource 2). These indicators identified exposure of the community as a whole and can be applicable across multiples sectors. Historical data was used to account for exposure. While future projections of climate give important information on future exposure, such modeling demands rich data sets on climate variables, which are very limited in Nepal. Thus, the results obtained from model-based future projections would be questionable. Therefore, using available historical data sets was a more reliable option. It was hypothesized that the higher the rate of change of the climate variables and the higher the frequency of natural disasters, the higher was the exposure of the households to climate change and extremes.
Sensitivity
Sensitivity is measured by the 'degree to which a system is modified or affected by an internal or external disturbance or set of disturbances' (Gallopin 2003, p 4) . This approach to sensitivity considers the cumulative impacts of past climate hazards on livelihoods as a proxy for future sensitivity as the households facing higher impacts are the ones which will be more sensitive in the future. Death of family members and loss of property (viz. land measured in kattha, 7 livestock in Livestock Units (LSU), 8 and crops valued in Nepali Rupees (NRs) 9 ) due to climate-related disasters over the last 10 years represent sensitivity for the purpose of this study (Table 1 ). It is hypothesized that higher impacts of past climatic disasters increases the sensitivity of households. Income structure also determines a household's sensitivity. A higher share of natural resource-based income will increase a household's sensitivity as these sources are more dependent on climate; while a higher share of non-natural resource-based remunerative income sources will reduce sensitivity. Salaried jobs, remittances and skilled non-farm jobs are categorized as remunerative sources because the return from these sources is comparatively high and consistent compared with other sources (Piya et al. 2011b) . A detailed breakdown of the share of various income sources is given in Online Resource 3.
Adaptive capacity
The selection of indicators for adaptive capacity was based on the Department for International Development sustainable livelihoods framework (DFID 1999) . DFID views livelihood outcomes as a function of the ownership or access to livelihood assets, whereby households with a sufficient range of assets have more adaptation strategies for coping with adversity. Diversified assets allow for substitution among the assets to switch from one livelihood activity to another at times. In the framework, adaptive capacity is considered a function of the household's possession of five types of asset: physical, human, natural, financial, and social. The indicators for physical assets were: type of house, ownership of mobile phone/radio, walking distance to the nearest motor road, and irrigated land ( Table 1) . The ownership of a mobile phone/radio increased adaptive capacity through access to weather-related information. Walking distance to the nearest motor road was assumed to be inversely related to adaptive capacity as households located far from roads will be at a disadvantage for reasons such as lack of opportunity for income generation due to lack of markets or inability to access service centers such as hospitals at a time of emergency.
Human assets were represented by the highest qualification in the family, dependency ratio, and training or vocational courses attended by the family members. Formal education and skill development training enabled family members to undertake skilled non-farm activities, which were more remunerative and less climate-sensitive.
The quality of the land possessed by households was taken as an indicator of natural assets. The Chepangs possess three categories of land. Low-lying paddy-land (khet) is the most productive category of their land and usually has an irrigation source. Bari is terraced upland, which may or may not be irrigated, and is less productive than khet. Khoriya, which are un-7 1 Kattha=0.033 ha. 8 LSU is aggregate of different types of livestock in standard unit calculated using the following equivalents; 1 adult buffalo=1 LSU, 1 immature buffalo=0.5 LSU, 1 Cow=0.8 LSU, 1 calf=0.4 LSU, 1 pig=0.3 LSU, 1 sheep or goat=0.2 LSU and 1 poultry=0.1 LSU (CBS 2003; Baral 2005) . 9 73 NRs=1 US$ (at survey time). terraced sloping land-plots in the hills, are the least productive category. A higher share of more productive land (khet and bari) meant a higher adaptive capacity, while a higher share of khoriya indicated the opposite. The possession of bullocks, which are the only means of ploughing fields in the hills, was another indicator of natural assets. Under financial assets, the gross household annual income per capita, Livelihood Diversification Index (LDI), household savings and ownership of small livestock were taken as indicators. For the Chepangs, small livestock are an important source of cash income and are kept as buffer for times of financial stress or to pay back loans borrowed from moneylenders. A higher value of LDI indicated better risk management due to the ability of the household to switch among livelihood activities as required. The Herfindahl index of diversification was used (Kimenju and Tschirley 2009) . calculated as:
where, D k is the diversification index, i is the specific livelihood activity, N is the total number of activities being considered, k is the particular household, and S i,k is the contribution of i th activity to the total household income for the k th household. For this study, eleven different livelihood activities were identified (see Online Resource 3).
Finally, social assets were represented by memberships of formal CBOs and access to credit. Membership in CBOs helps households to improve their social networks, and also gives them access to new information during the meetings and through contact with outsiders. Access to credit was also taken as a social asset because, for the Chepangs, taking loans from social contacts is one of the most important strategies to cope with seasonal food shortages.
Calculation of the vulnerability index
Having chosen suitable indicators, the normalized value was calculated to bring the values of the indicators within the range of 0 to 1 so that they were directly comparable.
Next, weights were assigned to the indicators. Some research follows equal weighting (Vincent 2004; Nelson et al. 2005) . However, this is somewhat arbitrary, and may lead to overweighting of less important indicators, and underweighting of more important ones. Weighting can also be based on expert judgment (Adger and Vincent 2005; Vincent 2007 ). However, this approach is often criticized for being too subjective and for being constrained by limited availability of or lack of consensus among subject matter specialists (Gbetibouo and Ringler 2009) . A preferable method is assigning weights to indicators through Principal Component Analysis (PCA 10 ), which is based on statistical procedures as opposed to subjective judgments. The empirical validity of using the first principal components as weights for indicators is demonstrated by Filmer and Pritchett (2001) using multiple data sets, and shows the internal and external coherence of an index created by PCA weightage. This method has 10 PCA is a method of deriving a smaller number of orthogonal linear combinations of variables from a larger set of variables such that the information in the original set is retained as much as possible. The first principal component refers to the linear index of all variables retaining the largest amount of information common to the variables. For a mathematical explanation of PCA see Filmer and Pritchett (2001) . been adopted by various studies (Cutter et al. 2003; Gbetibouo and Ringler 2009; Nelson et al. 2010b) to assign weights to different types of variables (binary, discrete, or continuous). PCA was run for the selected indicators of exposure, sensitivity, and adaptive capacity separately in STATA10 (StataCorp, www.stata.com) to calculate weights. The weights varied between −1 and +1, the sign denoting the direction of relationship of that indicator with other indicators used to construct the respective index. The magnitude of the weights describes the contribution of each indicator to the index value.
Stepwise PCA was run for the indicators of adaptive capacity. The first-step PCA was run for the indicators of each asset category separately to observe their relative importance within each category. The weights obtained from first-step PCA were used to calculate sub-indices for each asset type. The second-step PCA was run using the sub-index values for the five asset types to analyze which asset group contributed the most to adaptive capacity. The overall adaptive capacity index was calculated using the weights obtained from second-step PCA.
The normalized variables were then multiplied by the assigned weights to construct separate indices for exposure, sensitivity, and adaptive capacity, as follows:
where, I j is the index value for j th household, b i is the loading from first component of PCA (PCA1) taken as the weight for indicator i, a ji is the value of indicator i for j th household, x i is the mean value of indicator i, and s i is the standard deviation of the indicator i.
Finally, a vulnerability index (V) for each household was calculated as:
The overall vulnerability index facilitated inter-VDC comparison as well as inter-household comparison. A high value of the vulnerability index indicates higher vulnerability. However, a negative value of the index does not imply that the household is not at all vulnerable. This index does not give an absolute measurement of vulnerability but a comparative ranking among the sampled households or study VDCs. Analysis of Variance (ANOVA) was conducted to compare the means among the four study sites.
Results and discussion
The weights obtained from the PCA analysis are given in Table 2 for the indicators of exposure and sensitivity, and in Table 3 for adaptive capacity, along with the mean values of indicators across the four study sites.
The weights for the indicators of exposure were all positive as hypothesized except for the maximum temperature trends. The absolute values of the weights revealed that minimum and maximum temperature trends contributed more to the exposure index than precipitation trends and natural disasters. Both minimum and maximum temperature coefficients showed a slowly increasing trend for all the study VDCs. Precipitation also showed an increasing trend, with the rate for Kaule being significantly higher compared with the other three VDCs. The number of natural disasters over the last 10 years was the highest for Mahadevsthan followed by Bhumlichowk.
The indicators of sensitivity contributed to the sensitivity index in the direction hypothesized ( Table 2 ). The impacts of natural disasters on livelihood were seen to have more influence on the overall sensitivity index than income structure. A negative weight indicated that a higher share of remunerative income assisted in decreasing the overall household sensitivity. A higher share of natural resource-based income made the household more sensitive to climate change and extremes. The number of natural disasters was lowest, but the damage caused was the highest in Kankada, for all the sensitivity indicators (Table 2 ). This was related to higher incidences of intensive rainfall over the last decade, which caused more landslides in the area. The second highest crop damage was reported in Mahadevsthan followed by Bhumlichowk because of higher occurrences of drought over the last 10 years in these two VDCs (Online Resource 2). The higher share of natural resource-based income in all the study VDCs showed that the Chepang livelihoods were predominantly based on natural resources, notably agriculture, livestock, and forestry (Online Resource 3). The weights from the first-and second-step PCAs, for indicators and sub-indices of adaptive capacity respectively, are given in Table 3 along with the mean values.
In general, the mean value of the assets revealed that Bhumlichowk had comparatively high asset possession while Kaule had the least. For physical assets, house type had the highest influence. Walking distance to the nearest motor road negatively impacted adaptive capacity as hypothesized. For the human assets, qualifications and training/vocational courses received higher positive weights. Negative weights implied that a higher dependency ratio decreased adaptive capacity. Under natural assets, land ownership influenced adaptive capacity more than bullock ownership. A higher share of khoriya resulted in lower adaptive capacity as implied by the negative weight. Among the financial assets, gross annual income per capita was the most important determinant of adaptive capacity. For social assets, both indicators had equal weights.
The mean sub-index values for individual asset types ( Table 3 ) again showed that Bhumlichowk ranked first while Kaule ranked last in most cases, and the p-values suggested statistically significant differences. Weights from the second-step PCA showed that financial and human assets were the two most important determinants of overall adaptive capacity. Natural assets were the least important, which was relevant given that natural assets were impacted more by climate change and related disasters.
As described earlier, indices for exposure, sensitivity, and adaptive capacity were separately calculated, and from these the overall vulnerability index was derived. The average index values for the four study VDCs is presented in Fig. 1 . According to the value of the vulnerability index, Kaule was the most vulnerable VDC while Mahadevsthan was the least. The differences among the VDCs were statistically significant (Online Resource 4). Kaule had the highest exposure coupled with the lowest adaptive capacity. Bhumlichowk, despite having the highest adaptive capacity ranked as the second most vulnerable because of high exposure. Despite having a comparatively lower adaptive capacity than Bhumlichowk, Kankada and Mahadevsthan fared better in overall vulnerability as these VDCs faced less exposure. Comparing these two less vulnerable VDCs, both were similar in terms of exposure, however, higher sensitivity and lower adaptive capacity in Kankada resulted in higher vulnerability. Kankada and Mahadevsthan had lower adaptive capacity, and as a result the livelihood impacts of extreme climatic events were higher in these VDCs. This is demonstrated in Table 2 , where the livelihood impacts of extreme climatic events were the highest in Kankada, due mainly to the number of reported landslides (Online Resource 2). The second highest livelihood impact of extreme climate events was reported in Mahadevsthan (Table 2) , which has suffered from a series of droughts in recent years (Online Resource 2). Despite a higher number of reported landslides and a similar number of reported droughts in Bhumlichowk (Online Resource 2); it had less reported damage than Mahadevsthan, which was attributed to its higher adaptive capacity. This implies that it is very important to build the adaptive capacity of the community to enable the residents to face hazards imposed by climate disasters.
For inter-household analysis, the sample households from all four VDCs were brought together and categorized into four vulnerability quartiles; the first representing the most vulnerable and fourth representing the least vulnerable households. Indices for exposure and sensitivity were the highest for the first quartile and the least for the fourth quartile as expected (Fig. 2) , and were significantly different among the quartiles (Online Resource 5). Similarly, adaptive capacity followed the expected order, with the value being the lowest for the first quartile and consecutively higher for subsequent quartiles. This showed that irrespective of the locations, households with lower adaptive capacity were faced with higher exposure and higher sensitivity to climate change and extreme events. Poorer households everywhere were thus vulnerable.
Conclusion and policy implications
The results of the inter-VDC comparison implied that the exposure of a locality to long-term changes in climate variables and natural disasters was mediated by the inherent adaptive 
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Exposure Index Sensitivity Index Adaptive Capacity Index Vulnerability Index Fig. 2 The average index values by vulnerability quartiles capacity of the community to determine the overall vulnerability. Inter-VDC comparison also showed that lower adaptive capacity resulted in higher sensitivity to climate disasters (e.g. Kankada). This is because households with lower adaptive capacity were hindered from formulating efficient response measures, either before or after a disaster. When an event struck, those least prepared households were the most impacted, thereby exhibiting highest sensitivity. Inter-quartile analysis of vulnerability showed that the most vulnerable households were those with the lowest adaptive capacity, highest exposure, and highest sensitivity irrespective of the locality. Of the three components of vulnerability, adaptive capacity is the one with direct policy implications. Improving adaptive capacity also has implications for decreasing the sensitivity of the community. For example, improving the irrigation facilities (physical assets) in the locality decreases the sensitivity of crops to droughts. Similarly, creating opportunities for non-farm income (financial assets) reduces the dependence of the community on natural resource-based livelihoods, thereby reducing their sensitivity towards climate change and extremes. With improved access to assets, the community can devise measures to reduce their sensitivity to the risks and hazards imposed by exposure to climate-related disasters.
Among various components of adaptive capacity, PCA weightage suggested that the foremost policy focus in the Chepang community should be to improve financial and human assets. Household income was the most important component of financial assets thereby suggesting the need for interventions to provide income-generation opportunities for the community. Among the various income sources available, non-farm sources that were not based on natural resources reduced the household's sensitivity to climate. This implies that the policy should emphasize the creation of non-farm livelihood opportunities, which will not only improve the cash income of the community, but also reduce their dependence on natural resources. This is also relevant as natural assets received the least weights among the asset categories. Non-farm remunerative income sources refer to salaried jobs (e.g. agriculture/veterinary technician) and skilled non-farm jobs (e.g. sewing, carpentry) for which education and vocational training are essential. This in turn relates to the need to strengthen human assets. This necessitates policy and development interventions at the national level to improve the access of community members to formal/vocational education and skill development training to develop the human capacity needed to use existing opportunities and assets.
The next priority must be given to improving social and physical assets. Strengthening local institutions and social networks means better services such as training, credit and marketaccess for the Chepangs. Among the physical assets, improving access to sources of information such as mobile phones/radios, along with better quality housing, will help the community to lessen their vulnerability. Similarly, agriculture still constitutes the mainstay of the community: thus, the development of basic infrastructure such as irrigation facilities is a must. Finally, the construction of all-weather roads linking settlements to the nearest population centers will help to create markets for farm products, and also improve access to inputs, information, and off-farm employment opportunities.
